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SEPARATING AGENT FOR ENANTIOMERIC ISOMERS 

TECHNICAL FIELD TO WHICH THE INVENTION BELONGS 

The present invention relates to a separating agent for 
enantiomeric isomers which is suitable for the separation of 
enantiomeric isomers through a method of separating compounds, 
in particular, a chromatography method. 

PRIOR ARTS 

Enantiomeric isomers having a relationship of a real 
image and a mirror image have exactly the same chemical 
properties and physical properties, including boiling point, 
melting point and solubility. However, there are many cases 
where enantiomeric isomers have differences in interaction 
with a living body, that is, in physiological activities such 
as taste and smell. In particular, in a pharmaceutical field, 
cases where enantiomeric isomers have significant differences 
in medicinal efficacy and toxicity are expected at high 
probability. Thus, "Drug Approval and Licensing Procedures in 
Japan" of Ministry of Health, Labour and Welfare includes the 
description "in a case where the drug is a racemic 
modification, it is desirable that the absorption, 
distribution, metabolism, and excretion behaviors of each 
isomer be studied in advance" . 

As described above, the enantiomeric isomers have exactly 
the same chemical properties and physical properties, 
including boiling point, melting point and solubility, and 
thus have a crucial problem in that the enantiomeric isomers 
cannot be analyzed by classical and usual separation means. 
Thus, research on techniques for simple and highly accurate 
analysis of a wide variety of enantiomeric isomers have been 
conducted energetically. 

As an analysis technique satisfying such a need, an 
optical resolution method by high-performance liquid 
chromatography (HPLC) , in particular, an optical resolution 
method by using an enantiomeric isomer separation column for 
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HPLC has been developed. In the "enantiomeric isomer 
separation column" as used herein, an asymmetry identifying 
agent itself is used or a chiral stationary phase having an 
asymmetry identifying agent carried on an appropriate carrier 
is used. Examples of the asymmetry identifying agent include: 
optically active triphenylmethyl polymethacrylate (see JP-A- 
57-150432); cellulose and amylose derivatives (Y. Okamoto, M . 
Kawashima, and K. Hatada, J. Am. Chem. Soc, 106, 5337, 1984); 
and ovomucoid which is a protein ( JP-A-63-307829) . 

Of numerous chiral stationary phases for HPLC, an optical 
resolution column having cellulose and amylose derivatives 
carried on silica gel is known to exhibit high asymmetry 
identifying power for a very wide variety of compounds. 

Studies on preparative liquid chromatography of optically 
active substances at an industrial level, in which a chiral 
stationary phase for HPLC and a simulated moving bed method 
are combined, have progressed (Pharm Tech Japan 12, 43). 
Further, a chiral stationary phase capable of efficiently 
separating compounds to be separated, that is, a chiral 
stationary phase having an even larger separation factor (a 
value) is required not only for simple and complete separation 
but also for improvement in productivity of preparative 
chromatography. Thus, research on finding a polysaccharide 
derivative having a large a value and exhibiting a high 
asymmetry identifying power have been conducted energetically. 

DISCLOSURE OF THE INVENTION 

It is an object of the present invention to provide a 
separating agent for enantiomeric isomers which is suitable 
for a chiral stationary phase used in chromatography or the 
like and which contains, as an active ingredient, a 
polysaccharide derivative having a large a value and 
exhibiting a high asymmetry identifying power. 

Conventionally, a cellulose derivative or an amylose 
derivative, in particular, a phenyl carbamate derivative has 
been known to serve as a chiral stationary phase which 



{00125457.DOC} 



2 



^ Clean Substitute Specification 



U.S. Serial No. 10/552 939 



exhibits a high optical resolving power. Of those, a 
substance having a hydrogen atom of a phenyl group substituted 
by an alkyl group or a halogen group has been known to exhibit 
a high optical resolving power. 

A substance having a methylene group between the 
carbamate group and the phenyl group is known to exhibit a 
significantly reduced optical resolving power and a substance 
having a hydrogen atom of the methylene group substituted by a 
methyl group is known to exhibit a high optical resolving 
power. Further, a substance having an excessively bulky group 
introduced into the portion of the methylene group is found to 
actually exhibit a reduced optical resolving power. 

The inventors of the present invention have pursued 
researches based on the above findings, and have found that a 
polysaccharide derivative having an even larger a value can be 
obtained by introducing a carbonyl group between the carbamate 
group and the phenyl group, thereby completing the present 
invention . 

As means for achieving the object, the present invention 
provides a separating agent for enantiomeric isomers 
including, as an active ingredient, a polysaccharide 
derivative having at least part of the hydrogen atoms of the 
hydroxyl groups of a polysaccharide substituted by at least 
one of the atomic groups represented by the following general 
formulae (I) and (II): 



(in the formulae, R represents a substituted or unsubstituted 
aromatic group, or a linear, branched, or cyclic aliphatic 
group) . 



OHO 



II I II 

C— N— C— R 



(I) 




(H) 
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The present invention relates to a use of the above- 
described polysaccharide derivative as a separating agent for 
enantiomeric isomers . 

The present invention relates to a method of separating 
enantiomeric isomers by bringing the above-described 
polysaccharide derivative into contact with the enantiomeric 
isomers . 

DETAILED DESCRIPTION OF THE INVENTION 

A polysaccharide derivative used in a separating agent 
for enantiomeric isomers of the present invention has at least 
part of the hydrogen atoms of the hydroxyl groups of a 
polysaccharide substituted by at least one of the atomic 
groups represented by the general formulae (I) and (II). 

The polysaccharide may be any of a synthetic 
polysaccharide, a natural polysaccharide, or a modified 
natural polysaccharide as long as the polysaccharide is 
optically active. However, the polysaccharide preferably has 
a highly regulated bonding pattern. 

Examples of the polysaccharide include: (3-1 , 4-glucan 
(cellulose); a-l,4-glucan (amylose or amylopectin) ; a-1,6- 
glucan (dextran) ; (3-1 , 6-glucan (pustulan) ; (3-1 , 3-glucan (such 
as curdlan or schizophyllan) ; a-1, 3-glucan; (3-1 , 2-glucan 
(Crown Gall polysaccharide); (3-1, 4-galactan; (3-1, 4-mannan; a- 
1,6-mannan; (3-1 , 2-f ructan (inulin) ; (3-2 , 6-f ructan (levan) ; (3- 
1, 4-xylan; (3-1, 3-xylan; (3-1, 4-chitosan; a-1, 4 -N-acetylchitosan 
(chitin) ; pullulan; agarose; alginic acid; and starch- 
containing amylose . 

Of those, cellulose, amylose, (3-1 , 4-xylan, (3-1, 4- 
chitosan, chitin, (3-1 , 4-mannan, inulin, curdlan, and the like 
are preferable because they are easily available high purity 
polysaccharides. Cellulose and amylose are particularly 
preferable . 

A number-average degree of polymerization of the 
polysaccharide (average number of pyranose rings or furanose 
rings in a molecule) is 5 or more, and preferably 10 or more. 
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The number-average degree of polymerization thereof has no 
upper limit, but is desirably 1,000 or less from a viewpoint 
of easy handling. 

The atomic groups which substitute at least part of the 
hydrogen atoms of the hydroxyl groups of a polysaccharide are 
represented by the general formulae (I) and (II), and examples 
thereof include the atomic groups described below. 

(1) An atomic group in which R in each of the general 
formulae (I) and (II) represents an atomic group represented 
by the following general formula (III): 




(in) 



(in the formula, R 1 to R 5 may be identical to or different from 
each other, and R 1 to R 5 each represent an atom or group 
selected from hydrogen, a halogen, an alkyl group, an alkoxy 
group, an amino group, a nitro group, a siloxy group, and an 
alkylthio group) . 

R 1 to R 5 in the general formula (III) each preferably 
represent an atom or group selected from hydrogen, a halogen, 
and an alkyl group. 

(2) An atomic group in which the atomic group represented 
by the general formula (I) is selected from atomic groups 
represented by the following formulae (IV), (V), (VI), and 
(VII) . 
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OHO , 
II I II // \ 
-C— N— C — (/ NN 




(IV) 



OHO . , 
-C— N— C — K x > — CH 3 




(V) 




OHO 
II I II 
-C— N— C 



CHo 



CH, 




CI 



(VI) 



(vn) 



(3) An atomic group in which R in each of the general 
formulae (I) and (II) is selected from atomic groups 
represented by the following formulae (VIII), (IX), and (X) 




(vni) 




(IX) 




(X) 



The polysaccharide derivative may be: a polysaccharide 
derivative having atomic groups identical to each other bonded 
to a polysaccharide; or a polysaccharide derivative having 
different atomic groups bonded to a polysaccharide. A 
distribution of atomic groups in the polysaccharide derivative 
may be even or uneven. The number of the atomic groups bonded 
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to a monosaccharide unit of the polysaccharide derivative may 
be the same for all monosaccharide units or different 
therefor. Positions of the atomic groups bonded to the 
monosaccharide unit of the polysaccharide derivative may be at 
positions of specific hydroxyl groups in the monosaccharide 
unit, or the atomic groups may be bonded to the monosaccharide 
unit without specific regularity. 

The polysaccharide derivative used in the present 
invention can be obtained by reacting a polysaccharide, and a 
compound having a functional group which may react with 
hydroxyl groups of the polysaccharide (a compound which may 
form an atomic group represented by the general formula (I) or 
(ID ) . 

Examples of such a compound include: an aromatic or 
aliphatic carboxylic acid derivative such as an aromatic or 
aliphatic carboxylic acid, acid chloride, acid anhydride, or 
acid ester; and an aromatic or aliphatic isocyanic acid 
derivative . 

The separating agent for enantiomeric isomers of the 
present invention may include: a polysaccharide derivative 
carried on a carrier; a pulverized polysaccharide derivative; 
or a polysaccharide derivative formed into spherical 
particles. The phrase "a polysaccharide derivative carried" 
as used herein indicates that a polysaccharide derivative is 
fixed on a carrier. Examples of a carrying method that can be 
used include: physical adsorption between a polysaccharide 
derivative and a carrier; chemical bonding between a 
polysaccharide derivative and a carrier; chemical bonding 
between polysaccharide derivatives; chemical bonding of a 
third component; photoirradiation to a polysaccharide 
derivative; and a radical reaction. 

Examples of a carrier include a porous organic carrier 
and a porous inorganic carrier. Preferred is a porous 
inorganic carrier. Appropriate examples of the porous 
organic carrier include polymer substances such as 
polystyrene, polyacrylamide , and polyacrylate. Appropriate 
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examples of the porous inorganic carrier include silica, 
alumina, magnesia, glass, kaolin, titanium oxide, a silicate, 
and hydroxyapatite . 

A particularly preferable carrier is silica gel, and 
silica gel has a particle size of 0.1 pm to 10 jam, preferably 
1 pm to 300 pm, more preferably 1 ]im to 100 pm. Silica gel 
has an average pore size of 10 A to 100 mm, and preferably 50 
A to 50,000 A. Silica gel is preferably subjected to surface 
treatment for eliminating an effect of silanol remainingon its 
surface, but needs not be subjected to surface treatment at 
all. 

An amount of the polysaccharide derivative carried on a 
carrier is preferably 1 to 100 parts by mass, more preferably 
5 to 60 parts by mass, and particularly preferably 10 to 40 
parts by mass with respect to 100 parts by mass of the 
separating agent for enantiomeric isomers. 

For pulverization or formation of spherical particles of 
the polysaccharide derivative itself, the obtained pulverized 
or spherical polysaccharide derivative is desirably classified 
by using a mortar or the like to have a similar particle size. 

The separating agent for enantiomeric isomers of the 
present invention can be used as a stationary phase for 
chromatography. The separating agent for enantiomeric isomers 
of the present invention can be used for gas chromatography, 
liquid chromatography, thin-layer chromatography, 
electrophoresis, and the like. In particular, the separating 
agent for enantiomeric isomers of the present invention is 
preferably used for (continuous) liquid chromatography, thin- 
layer chromatography, and electrophoresis. The separating 
agent for enantiomeric isomers of the present invention may be 
not only used as a separating agent for chromatography, but 
also applied as a host/guest separating agent, and for 
membrane separation and liquid crystal materials. 

The separating agent for enantiomeric isomers of the 
present invention, a stationary phase for chromatography using 
the same, and a stationary phase for continuous liquid 
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chromatography using the same are suitable for enantiomeric 
isomers analysis technique involving the optical separation of 
a wide range of chiral compounds at high separation factors in 
the analysis of drugs, food products, agricultural chemicals, 
and fragrance materials. 

The separating agent for enantiomeric isomers of the 
present invention has excellent optical resolving power. 

Examples 

The present invention will be described in more detail by 
way of examples, but the present invention is not limited to 
the examples. Note that, a retention factor (k ! ) and a 
separation factor (a) in the examples are defined by the 
following equations . 

Retention factor ( k 1 ) 

k 1 = [(Retention time of racemic modification) -( Dead 
time) ] /Dead time 

(Dead time represents an elution time of Tri-tert- 
butylbenzene . ) 
Separation factor (a) 

a = (Retention factor of enantiomeric isomer retained 
more strongly) / (Retention factor of enantiomeric isomer 
retained more weakly) 

Synthesis Example 1 (Synthesis of benzoyl isocyanate (1)) 

Benzamide and oxalyl chloride were stirred in 
dimethylsulf oxide (DMSO) in a nitrogen atmosphere at 60 °C for 
6 hours, to thereby synthesize benzoyl isocyanate. The 
obtained benzoyl isocyanate was purified through distillation 
under reduced pressure (61°C/4 mmHg) . 

Synthesis Example 2 (Synthesis of 4-methylbenzoyl isocyanate 
(2) ) 

p-Toluamide and oxalyl chloride were stirred in 
dimethylsulf oxide (DMSO) in a nitrogen atmosphere at 60 °C for 
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6 hours, to thereby synthesize 4-methylbenzoyl isocyanate. 
The obtained 4-methylbenzoyl isocyanate was purified through 
distillation under reduced pressure (86°C/4 mmHg) . 

Synthesis Example 3 (Synthesis of 4-chlorobenzoyl isocyanate 

(3) ) 

4-Chlorobenzamide and oxalyl chloride were stirred in 
dimethylsulf oxide (DMSO) in a nitrogen atmosphere at 60 °C for 
6 hours, to thereby synthesize 4-chlorobenzoyl isocyanate. 
The obtained 4-chlorobenzoyl isocyanate was purified through 
distillation under reduced pressure (93°C/6 mmHg). 

Synthesis Example 4 (Synthesis of 3 , 5-dimethylbenzoyl chloride 

(4) ) 

Thionyl chloride was gradually added to 3,5- 
dimethylbenzoic acid in a nitrogen atmosphere while the whole 
was cooled in an ice bath. After the addition was completed, 
the whole was heated to 80°C for a reaction, to thereby 
synthesize 3, 5-dimethylbenzoyl chloride. 

Synthesis Example 5 (Synthesis of 3, 5-dimethylbenzamide (5)) 

3, 5-Dimethylbenzoyl chloride and ammonium carbonate were 
stirred in diethyl ether in a nitrogen atmosphere at room 
temperature for 4 hours, to thereby synthesize 3,5- 
dimethylbenzamide . 

Synthesis Example 6 (Synthesis of 3 , 5-dimethylbenzoyl 
isocyanate ( 6) ) 

3, 5-Dimethylbenzoyl chloride and oxalyl chloride were 
stirred in dimethylsulf oxide (DMSO) in a nitrogen atmosphere 
at 60°C for 6 hours, to thereby synthesize 3 , 5-dimethylbenzoyl 
isocyanate. The obtained 3 , 5-dimethylbenzoyl isocyanate was 
purified through distillation under reduced pressure (104°C/8 
mmHg) . 
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Examples 1 to 7 

(a) Production of polysaccharide benzoyl carbamate derivatives 
(7) to (13) 

In a nitrogen atmosphere, 20 ml of pyridine or 
dimethylsulf oxide was added to 1 g of a polysaccharide 
(cellulose or amylose) , and each of the corresponding 
isocyanates (1) to (3) and (6) was added thereto in an amount 
of 1.5 equivalents to that of hydroxyl groups of the 
polysaccharide, and stirred under heating to thereby obtain 
each of polysaccharide benzoyl carbamate derivatives (7) to 
(13) shown in Table 1. 
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(b) Surface treatment of silica gel 

Porous silica gel (particle size of 7 \im) was reacted 
with 3-aminopropyl triethoxysilane for aminopropylsilane (APS) 
treatment . 

(c) Preparation of filler for liquid chromatography 

0.225 g of each of the polysaccharide benzoyl carbamate 
derivatives (7) to (13) obtained in the above section (a) was 
dissolved in tetrahydrof uran (THF) or dimethylsulf oxide 
(DMSO), and 0.9 g of silica gel obtained in the above section 
(b) was evenly coated with the resulting solution. Then, the 
solvent was distilled off under reduced pressure, to thereby 
obtain a filler for enantiomeric isomers having the target 
polysaccharide derivative carried on silica gel. 

(d) Preparation of column for liquid chromatography 

The filler obtained in the above section (c) was pressed 
and filled into a stainless column of 0.2 cmd> * 25 cmL through 
a slurry filling method, to thereby prepare an enantiomeric 
isomer separation column. 

Application Example 1 

The enantiomeric isomer separation columns prepared in 
Examples were each evaluated for asymmetry identifying power 
(retention factor k f value and separation factor a value) by 
using the following ten compounds by means of liquid 
chromatography. Table 2 shows the results. 
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